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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a hydrogen 
manufacturing device and a method thereof capable of 
compact device designing and capable of being operated 
without supplying steam. 

SOLUTION: Fuel from a fuel pump and air from an air 
blast machine 3 are fed to a device main body 1 each at 
a specified flow rate. The fed fuel and air are mixed in 
an inlet mixing layer 10, partial oxidization reaction 
and complete combustion reaction are achieved in an 
oxidization layer 20. and a high-temperature gas 
including carbon monoxide, carbon dioxide, and steam is 
obtained. This gas is mixed while passing through an 
intermediate mixing layer 30, and the temperature is 
lowered. In a conversion reaction layer 40, while the 
gas temperature is gradually lowered, carbon monoxide 
and steam in the gas conversely react with each other, 
and carbon dioxide and hydrogen are generated. Then, 
hydrogen-rich gas is generated and fed to a fuel cell 101. ' 
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go 

t-r^m^m i fs«co7k*tai&sgo 
M(m&mm^mt>m^■f f>tvTv ^s ^ t t -r sit* 

^m^. m.-^i):^^\z.^-^in^^^^m^X'^x^^i. 

[0 O 0 1 J 

-/K -ry^^(Dmit7^mm(r)im^^m.LxiKmv y 

10 0 0 21 5, 
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^ :ym<omn^:^mn. t m-B- \^xi&mmmmx:iim v -y 
^rcek«^^iz.is\,^x. ii^7 5 o~8 0 otsawi* 

[0 0 0 3] 
10 [ft 1 ] 

C H4 + H20 «» 3H2 + CO 

A^hmnm.mizmi^-r^j:o{cvx\>^^t(o^i0'^\ m 

^> c o^fig^fi, teftSf&fflttSES^ 2 o 0 ~ 3 0 0 

20 [0 0 0 4] 
lit 2] 

CO + HzO «e C02 + H2 

¥2-2 6 4 9 0 S^^Am'^l^mWS-l 8 6 2 0 1^ 
[0 0 0 5] ^fc, #0fl¥ 7 - 3 3 5 2 3 8 

n':^mitmmm^m^^xu^mKmit\.. mmz./£^t:i 

■0 oTV^So 
[0 0 0 6] 

it^<Dmmm^ ^± i^Aim%?k«mff>mmii^^&K^^mx' 
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[0 00 7] rwj: 0 fmm\^n\^x^ imwm^m.\z. 

•So 

[0 0 0 8] 

loo 0 91 i©7k*S3it^tt(;itJVNT. ig-^lfp-TBi^ 

^r^^^;dss^$*xr?i^;!5f;^;a5^fie$H. m^\:%x 

1 0 0 1 0 J iJ' >'W«^^^J(r <t 5 i: . gp^^^ 

[0 0 1 1 1 
[ft 31 

aCH4 + 02 -» 2CO + ^ H2 

[0 0 121 

[fk4j 

CH4 + 202 — COS + 2 H20 

[0 0 131 
[ft 5] 

CH4 + 02 — C OZ + 2 

^<^J; 5 (-^ftgI5-C^ft$tL^cjl^;)tf>^(:itt, -gfft^ 
^, ;!k, ~®Eft^^;j5#^;h.Tt/-'5o J9C{^, teft 4( 

RlSgl5-CI±, ®Efta*^f5<^jg-g-;(f;x,(tJ(r-i-^ttTV^5— 
^ft^^2ii;«7k>4^ ±fEft 2 «g:f£;S;{c;T^-r J: ^ ^^ggft 

(0 0 1 41 r(^J;5{^LT. *7lc^S!JgS|gt^3^^T 

^''''■^^^i-sifsT'teftsjsgc^AD^-rs r t ^5T-# s 
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[0 0 15] iroJ;p*KftgBtt. 95»ggftffi(^) 

tfo?T. -tirfc'tt^B^r/hMft-rsr t;isr'^5„ 

<nm^lij^^<r>'(m\cn\^x. SP^)-KftKx£;^±i L/C 
^ft^tr^gp^J^^ftSJSgir, :^:^:»-SiJ#ST-^)-SiJ$ii. 

10 ;^c^ftSrn5^j^R/$:gt;{i^fj«figi-srt tT'#S„ 
[0 0 16] r®^^, ;<^^^>fJ¥®T-JS^;iy^^-^ 
-rstfc^^Pttt-S r ir {c: J; 9 , gPi^^ftSfS^S-cfri^ 

teftS^SSBdlt A $ ii5 ;<f ^ *05-®ft^* h 7k(Dttm 
Sr, teftSfS{^igL;fctt;* (-^ft^*jg«Sr{£T$-yr 

[0 0 17] ifc, mm:m%t^mi<Dtt 

20 ^2roig^#i^tr^{t. S^ftgpid. ^105}1^^®T-^1 
-^^^^fc^l^;</;^{r*^LTSi55>^ftS^&^^±<!r L^cS?ft 

^fr^sp^^ftRi^cgir. ^2(Dm^^mx'm-t^tirc 

[0 0 181 ^(Dm^. «lW^l■g•^S{C^o^^T^lC^) 

iZi^tt. ^2(om-^^m:^is\,^xm2(oitmxm'B-$n 
sc^^ftSfSgjei^tLrtt. mnt^^^. ^'^m^tR 

*(^> ^*^>^ftSf£;S-efTipn5SP^^fti:^j^Kf£;g 

xut>ix?>^^mt<Dm-^^mm-t?> ^thx^?>, 

[0 0 1 91 5!{'. IgftSJSSPfi. teftStSfflro«^S 
fi, -<^teftSt£:ffl(DM^gc5AP^^e>ttlP(;::;5»ltT« 

M.m^^i, ^itRit^i^imLtzit^mi^m^-r^^tA^x 

mmm^:a^ f ic:^* ^xS^r4ro-g|5;i5g)55^^ft $ 
S'T-t, Jg^;«/^^{r-&*ixSg?^>^ftiiJ;o-C;tfigL 

T*fi!cLfc*(;:J:oT-Kft^*ir*^(;:teft$^Sfe 
ftSf&;^-rs'7°t;i^^/i5flf^igi: Lfc., 
[0 0 2 0] 
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(mm<omm i ) 

[0 0 2 1] ^(OTkm^mmmi'i. mm^' looj;,^ 

[0 0 2 2] ^gjjcflritt. mmt^%^m.-^-r^Ku 
^mio, mitm 2 0 , 'pmm^m 3 0 , tefts/sp 4 

[0 0 2 3] AP^g^glOtt, nfgf^§§4roAPlS!|05 

:7°2;e>»f,ro^)p4(;3APr'feS^)isfp i 2 j^ffl^ 3 
<^^U(VA0Xh^^M.a 1 3 ir;5Sltf=J-ltfe.ixTl/^5o 

or. ^«:l:fls:«ajt LT«. Ell (;i;T%$tT.TV^.5J; 

5 S/^;^;ei.tj/i5^ (il:^2~3mm) (D 

miz^ Fim(o^mm^mmvxpii^:t^ic^mi.rc^,(om 

[0 0 2 4] mna 1 2/eiit>i^i9iA*ixS^^s}i^:^R 
1 3^^bi^!9iZ>^^^S^g^^r^i, rtDAPil^ei or- 
?l^$ixT^fl:S2 ofijillbtvSo K<be2 0«, i±m 

ir/^oT^^5c ^^l;tt^S®2 1 SrJi^fife-rs^fkSJS^jS^ 

?Lfls{-a#, /^°7v'!^'i>., /P7^=rJ^A, ni;=i>A^<7)e 

[0 0 2 5] ^:^^m^^-r^mntmn.t<Dm-^^y^ic 
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^^5^ftS2otrjii§bfcmictt. i^m, -mit^m, 
~mt^m, Mmm.^^tsm^<D:»:^tf£^x. '^mm, 

-&M3 OJiitfjixSo 
[00 26] /£t5, ^W^<bg 2 0 T'fi, SiS^i-^fkRlS 

^5, -iXl-J:oTKfbS.2 0W?aS;dS6 0 0~7 0 Ot 

S J; 5 20t;iiS!9iZ.*ixSjl^;(/;^w 

1 1 tl^«(^^«*t3 l;as3E«$ti,T0j*$tuTV^S„ 
[0 0 2 7] ^(n'PW\U^m3 0\t.. mitm2 0i)^h(D 

^y^i:m.^\^xm— it-til „ i£.t^^ mitm2o-h^h(r>:a 
t-, 'p^m.'tm3 0(Dm^\z.wmmy^i^^t:Wt^-fx^ 

20 [0 0 2 8] StSe 4 O tt, tt«J« 7 t nfgi^S4 Wffi 

««;i53jc^^;jxXtefi2SJE6:Mi^g4 i ^s^gg^FttfeWigi: 

mnrnMi 0 X jcittij-r5;^;=^ffip 1 An^wLmihnx 

K^girM^^^-^tJ-tir bixfc c o^fife^jitjv ^T^^3l5;i^ 

30 [0 0 2 9] ji^. r (omimit^mmm 4 i co^att, 

te{bSJE&S4 OC^iBtffiAPifflf 3 o ox^mgts 
WR(I!|-C2 0 0'Cm*t/^5 J; 5J-a«<feJE?r?^fig-r'5 
it^3S^L<^ ^llJfeojI^^irtt, *<^fi*WMw^c 

tefkSrSg4 0<D^ffl(;i}iRfS§^4J;iS*LT7 

2im'0Hi^htiXl^:&, 
[0 0 3 0] roj; ?/i®S>S)i2^?gfigi-s;:t(::J;o 

T. itm&^mm. (3oo"C) <^Apffi!i-e(±±i5ft2S:{c 
a (2 0 0'C) (^WP{i)T'tt±fEft;2iC<^)feftRf£;o33p^ 

jggg^fflv^T, 3 k wm<Dmnm.m i o i ^iitg-rs 

^ffT;*f;^Ofg#S:«2Nm'/hSftt/^5o ^ 

(Dm-^. $^E*«r 1 rosefbfflfe^B 2 1 (ommii 1 5 o c 
c mitRtt^mm 4 1 1 5 o 0 c c 

[0 0 3 1] rtu{c:«-LT, 7K^^fl5:««a£gtte^t;K 
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ii±tim^i:mms 2 i © 3 ~ i o{^ms[Km^-t?> r t 

[00 3 21 C7K^«!jgS^goDtbf^SOta^:^rj£i^oVN 

mmz.-sci\^x\t. TO'-K>7°2;o^p,j^^sf^, mmm^t^ 

pjl^g 1 0 -eii^^ixr. m.\m 2 0 TlS5^>®!{t:Sf& 

7k^^^^tfii5ia (7 5 0~8 0 0"C) (DiJy^h 
/.eSo ro;<f;^fi, "tJ^jg^gs OSriii§L/i;iSf,jg^ 

^ffiitei 0 1 {;:]^t>tT.S„ 

[0 0 3 31 ^i|sfm?i!l 1 0 1 Ttt, ^nOTk^ y s'^/i;;!/ 

$^^S(DT^ ^^kg2 0Je:*3tt5Sf£:*ma:. tefbS^S 

D 5 J; 5 {-i9:^-t-ti.« J: V \ 
(0 0 3 41 i«^^#<7)^^;^&ir LTfi. ®^kg 2 0 

^fke2 0|;:ii>9ilZ,^tu5^ip4t^^ 

[0 0 3 51 ^icoit^fi, *^iisf;dM^>-co;?*L/5:.t> 

5„ ±iEft2{;:7F^tt5j; fefkS^SS 4 0 t?0Dfe 
fkR;&{^*5U>rtt, -^fki^* 1 m o 1 (r»Lr;k 1 m 

0 1 ;*5fj>gX'fc5c;ot?. **6H-SLr'(i. ^{k»2 0i;i*3 
l/^T— K-ft^^l mo 1 (C*fLT7klmo 1 ;iS^C5J: 

[0 0 3 61 tJ^oT, ^^be2 0l^*5V^r^t;3^Cc5g|5^> 

^{bg2 o^iio^^T^&a$^^5 3mo 1 (D^^i^ 

Wt", 2mo IWkSWglJ^^^ftEiSiiS/^^tL. Itno 

1 f4^^:4<D^^^^5/i$^^5J;5{^pg^^(^j-^,>- 

irf-ife5„ -<^J; 5^tlt*T-ft3^<^)gB^i'^ftS 
JS^S 4 S:®^^j^;j5/i ^ ix^ mm 2 0 ir 

IfSJ-itLf^, APjg-a-S 1 0 (Cj||!Jiitf7< ^virgt^ 
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[0 0 3 7] fcfc'U *g^6<J{i«. w<^*Mtf»ffiJ;?) 
fcii^o^^ (¥Mfl-»Mc5 2^g;S«<^)^^) Srffiv^fc 

mmitmm. mm^i^^ i o o:^^ibmii&^n^mn^ 

->'^*;<f;^{c'XigLT^|sf^fifei 0 1 \m^-r^ 
10 fiE-r S^B*fls 2 0 1 , i^jS' 1 0 0 

m^i^2 0 1 {^i^9iz.tfj^M/-}^>7°2 0 2ti)^bm^^ 

[0 0 3 81 ^B*f^2 0 1(S. ^i|S|-/1f>-7°2 0 2;5^t> 

^-t-5^i^^^^:^^(^ji^^2 1 0 m-tm2 1 0 

mm2 2oti)^byi^o mm92 2o\zfi^ iiy^a^xu 
mii^h^u>m\zLt-\^x. mm22^„, ^f^m-^uo. 

2 0 b, feft;S<Ca52 2 0 c (D3oCOg|5^^5^^ig$ti,-c 

:o r o^fb^fB 2 2 0 a, ■f-Faiii-g'Sp 220b, tefk 

sij;^ 2 2 0 c fi, ^iswj^ffi 1 (r)m{cm 2 0 , -tipfl^i 
-g-g 3 0 , «g{iiRj£g 4 0 1 1, wT- 

[00 3 91 iS^^2 1 0 fiMiSEg 2 2 0 WAPfiil 
fbSi52 2 0 afilj) }^^lp{^(tfcixrV>S„ 2 1 0 

<^>F*9gp«Jg^e:o^^Ttt0;^L;'^v^^^, ig-g-S2 i 0(;5f*9 

m^^L%i\,-hmmii:^\tmmmsim2 1 1 (^j^tsc^y x 

^^^^AP 2 1 2d^t)5JtJjZ=^T'®§|^F*9{C§ltji 

mmiJ7.tm-^-r^iio\-cti^x\^^, 

[0 0 4 01 ^^^2 1 o<r>}hm^\%. mmiJy^ 
^S(±, ^^^AP 2 1 2/i^f>Bg§|M{rii|5 

^S^^ttfc >3 -rs J: o T5im-r 5 Z.bt^x% 

So 

[004 11 r <3? i 5 'feE&^SilSa^^j^ofc 

^RS 2 2 0 2 2 1 f^j^^jK^filt 

fl^«:2 3 0*55E:^$^y^^^j^-^.fe^-^^ 2 2 

1 ±Mm^^ Lfc^— ;^;*:^2 2 l a iwWP 
S:S5^2 2 1 b ta^hfi^^ 

[0 0 4 2] MaEfiic?l^«!:2 3 OfS, te^Sl2 3 2 a, 2 3 

2 c ;4sgas9:$tLfc^|gc«=i/u^- h;K2 3 1 ifi, ±.T:fs 



(6) 




l^mW- 1 0-1 06 6 06 



hm:i^m^th±mitRft^mmm2 32a (&^mf& 
m Ti^mm^it. ^FBm^si5 2 20b ic^^-r^bmm^ 
immitsim^ti-r. m^[:^mu2 2 0 c (rft^-rs^ 
mat^y'uy y-m^m^^iT.tz^im^^mmm2 3 2 
c^imm$hx\>^?>, -etr, ±ts<^)^-ft;gi5 2 2 0 a , 

'Pmm^^2 2 0 h, fefkSf£;gi52 2 0 

[0 0 4 3J ir^rffl^^e,^^.T^^s^fkRf£:ffi/tta2 3 

2 a & VteitSf&fflttjSK 2 3 2 c HJfeWJ^ffi i t?^ 

■So mitR)t^^2 2 0 c(DAomt)^htiiami:i7i^i,fr<o 
mm(Dmm 1 <^te<tMf£;S4 0 i Rm\^ 300 

•£-2 0 0'Ci;:pSi-5©;j5a*L<. ll3(ittfl%LT 
^(OiB.&mm<7)tcmc^ te<liSfSSl5 2 2 o c 

[004 41 J; 5 ''<f«fiic©*^Sgiig3^tt(i*ji%r, 

)i^S2 1 0 imm^mv72,tSo )i^^2 i o i^tJv^T 

TMS©Jt^T'?£MSrI&9iitp„ i 5 LT?g^^2 l 0 
2 2 0 a. "fjPpm^SP 2 20 b, ^^tRlt^^ 2 2 

V ^y^^i:ff:^i^^m^tixmnmmi o i i^mibti^, 
[ 0 0 4 5 J (mm<7>mm 3 ) 0 4 

m&mm-r^. ^(Dmm*»3 0 1 mmo>rm 1 © 

mitm 3 2 0 ;*Stt^te 3 0 2 J; o rtt^ ^.tuTSp^i 

fb^ 3 2 1 t^-m^mm 3 2 2 1 (r^tt f>;ftT*j 9 . a 

fkg 3 2 1 t%^m.m 3 2 2 t (Cl^^ii.tlTiSlttLS J: 5 
[0 0 4 6J S|5^>^fkg3 2 1 2i^t;:^^^j^g 3 2 2<0 

^tecojg^i 1 (Dmitm 20 1 w\^xh 
fa, ^^^mitm 3 2 1 T-fi±t LTSB^>6g{tsi£;^5ii: 

S J: ^^^g3 2 2T-«±<!: LT^^j^;js^ 
[0 0 4 7] *«=«)^i«j«<^aaoiiK;^jfei: LT«. 

fc<^)S:s*?-r*Ltfj;i,v ^±mmm3 2 2^zm^^ 
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10 0 4 8] Sfc, #M<^>^^ia«{;iol,NTtt, gi55)-^ 
^3 2 2J;l9fc^£^^^a*t/j^SJ;5(^gf;ti-5„ 

SP^^KfbS 321;5S500<C~60 
Ot, ^^;^g3 2 2/J57 0 0~8 0 OtrfcS„ i 
J; ? l^gP^^^ibS 3 2 1 ®?a«^^ife^j^g 3 2 °2 « 
?fi^J:'9iS<^^-r5fc*l^:, *|llfero?gjiTfa, 134 

(-^-rj: 5 i^Pi^mi^(o^^mitm 3 2 1 <Df^m\cy^ 

10 >3 2 3yJSSf!9f+(t?>tvTV^5. 

[0 04 9] ±fHO^^05it^ (IfP^i-^fbe 3 2 1 ir^ 

^^m3 2 2 t\:L^i>^ixhitm f-ov^rfc, 

^^^^<^y9'f)^hf£i>h(Ot\.X^im\-%^^^t. 3m 
ol(7>}i^ l^<0^^ 2 m o 1 «g|5;»-®?ft;^ 3 2 1 T'^t: 3 
(^gP^^^fkSf&xJS/j: 1 m o 1 ii^^mm 3 2 2 

20 [0 0 5 01 ^®J:5/^«fig657k«»!5tSglc*J^^T, 

i|SfS:U5^^tt, APjg^Sl 0r-il^$tLT, ^^©It 
*T-|f|5^^ft:S 3 2 1 t^^mm 3 2 2 t 

5o ^-LT, Si5:9-il{fc;S 3 2 1 r-«±i Lx^^m-ftR 

it^^^^£^nx7kmRv^-mimm^-^tsmm.<D:ffy^tii^ 
^^n. ^^mm3 2 2xi^^±mms.it^i>ifi^ivx 

[00 5 1] 'prnm-^m 3 0 xit. u^Amitm 3 2 1 

30 ^<^:»:^t^±mmm3 2 2:d^h<D:tf:p^i:Aim-B-^iv^ 

tmzu&i,ii&TLxmmRitsm4 0{mn^. 

T, tefl;Sf£;g4 o-ftefi:Si^:$ixT-g|-ft:^^fiftco 

2o:dK ±t Lxu^^m^Rit^^no^'^m'itms 2 1 
^tLx^±mm^n9^^mm3 2 2tiz^if 

40 ^> rixJ^J;oT, te{t;Si$;S4 0|;z*A$^^5-^^k 

1 7k t (^)it^^i§St-5 :itAix^ So 

[0 0 5 2] /je*j, *llffi<^fl^JiO>^g7t:ft:3 0 1 {ciS 

v^Tfi, )l^;<^;^;jsg|55J-|g^bg3 2 i t^±mmm3 2 

■^m 1 0 ir®f{i:g3 2 0 tcomi^^:^mmm^mm-r^ 
So BP*,, si5:9-^fbe3 2 1 t^^mm3 2 2t\c- 

50 [0 0 5 3] (mm<Dmm4) msli, :^mm<Dmm<D 
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AQm^m4 1 oRTjm^tms 2 ot*^ti:m&4 o 2{zx 
oTft^t^ttT. AQm^m4 1 on. miM^m4i 
1 tm2m^m4 1 2t\c^nhn. mitm4 20^^. 
U5^mitm4 2 1 t^^mmm4 2 2t{z.^nhthx\^^ 

10 0 5 4] AP}g^S4 1 0«, 

1 coAPis^g 1 o tmm(Dmm-r^$>^i)K ti:mm4 o 
2vi±mhtiTzmim-^m4 1 1 tm2m'km4 i2t 

mm 4 2 2<D«^tt, w&(DWfm3<DW^mitmz 2 1 

S:Ut^^^g3 2 2ir|^^-CfcoT, g|5:J>Kft^4 2 

iro^l-liytifi^^ V4 2 3d5Sti9f+(tf>tv. gp^J-gf-ft;® 

4 2 1 ^^mm4 2 2T-tt^^ 

[0 0 5 5] Miji-^g4 1 1 \^m^T2-t.ir\.^mmt^ 

5o — »2}g-^^4 1 2\z.mnihi^ih^\^nt^% 
^^j^g4 2 2{riit9i^,* 

[00 5 6] ^mu-^m 3 0 T'tt, u^j^mim 4 2 1 

tjro;«f;^i^±Bj^^4 2 2;ei:>P>o;^;^t:dS^l-^$ix5 

t m^t^mmT Lxte^bsise 4 0 \z.m.tx,^o -t l 

r . ^fliSJSS 4 0 T'»*teft;Rf£;-t-s i i: J; o T-^ 

10 1 (c:iiit>nSo ^iig^g4 1 iRxj^m2m-B-m4 
1 2^^:jtt9iiz,^f^i^t^^(^)fi(rov^Tfa, nigie^jti^ 

[ 0 0 5 7 ] gp^^^ftS 4 2 1 t?ttft 3 S;(Ci¥oT;>« ^ 
l^2mo l;!i5imo 1 {'^%X\-m 5 m o \ {Z^ 

tlfP^J-^fbS^SL. ^^j^g4 2 2-^(4fk4SC(;i 
tJfoT;^ ^':/l mo 1 ;iS 2 m o 1 <D^M (.^%.Xf^l 0 

T% Mlrl-g-e4 1 l{^«2mo 1 (D^^:yt 5mo 1 
1B^©^^^, »2}g#S4 1 2{i«l mo I <Dp^^?>' 
^: 1 0 m o 1 tg^cog^^tri^tJiiti-J; 

[0 0 5 8] rcoj:?(r, *||^fe<7^fl^^gic:t^^^Ttt, ®f 
fk^ 4 2 0 ^s, ± LTSi5;»S^fl:St&*fT 5 SP^^^fbg 5 
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4 2 1 LT^^j^^rff 5^^j^*4 2 2 i: 

{;i5>l-te>ixT*3t), gl5^JK{be4 2 1 i^^j^g4 2 

^■rsc^;S5t?tSo i^oT. Sl5^®?<lig4 2 l(r*fL 

^^i^g4 2 2J;i*fLT«, ^r-fir^^i:^^^ 

(^-roft&w*:^) /i*3. ±mmm<Dmmi, 3, 4(c*5 

tf, APil-g-gCi^A^ixS^^wiEl^^tefbSfSe-^ 

XM.mmm^-riX^^z.l.xhJ:^\ /iis. :::<^4i^. 
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